MATERIALS AND METHODS

Culture.
The oxalate medium consisted of potassium oxalate dihydrate, 6.1 g (1/30 M) ; K2HPO4, 3 g ; NaCI, 0.5 g ; MgSO4 7H2O, 0.25 g ; (NH4)2SO4, 1 g ; FeSO4, 2.8 mg ; dissolved in one liter of distilled water adjusted to pH 7.0-7.2 with HCl solution.
In some culture experiments, carbon compounds to be tested (concentration, 1/30 M) replaced the oxalate. Ten milliliters of the liquid culture medium were placed in a 15x 150 mm test tube and autoclaved for 20 min at 1200. The culture medium was inoculated with two drops of the cell suspension in distilled water prepared by suspending a one-day culture (oxalate-agar slant) of the organism and incubated 1 The material presented in this paper is part of the thesis submitted by Toshi Kaneda to the University of Tokyo, in partial fulfillment of the requirements for the degree of Doctor of Science.
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at 25-27°. The growth of the organism was estimated by the turbidity of the incubated medium after indicated time of incubation.
Washed cell suspension. Cells grown on the oxalate-agar medium for 12 to 14 hr at 30° were harvested, washed twice with a 0.5% NaCI solution and suspended in a 0.5,°o NaCI solution.
The cell suspension prepared fresh each day was kept in an ice-water bath until use.
Respiration. A conventional Warburg manometer was used for measuring the oxygen uptake and carbon dioxide formation.
The Warburg flask contained 2.5 ml of the reaction mixture in the main compartment and 0.5 ml of 10% KOH solution in the center-well.
In order to measure carbon dioxide formed during incubation, the reaction was terminated by addition of dilute HC104 solution and the alkaline solution in the center-well was rapidly and quantitatively transferred to another Warburg flask. The CO2 was determined manometrically.
The acidified reaction mixture was centrifuged to remove the cells and oxalate determined volumetrically with KMnO4. A correction was made for the consumption of KMnO4 by intra-cellular materials released from the cells into the reaction mixture.
In cases where a metabolic inhibitor which consumes KMnO4 is present in the reaction mixture, oxalate was determined manometrically, using oxalic acid decarboxylase as catalyst (8) .
RESULTS
Isolation of the organism
In a preliminary survey, samples of the garden soil from the Tokugawa Institute for Biological Research (Mejiro, Tokyo) and the Tokyo Institute of Technology, (Meguro, Tokyo) were examined for the occurrence of microorganisms capable of growing on a chemically defined medium containing oxalic acid as the sole source of carbon.
For this purpose, 20 ml of the oxalate medium in a 100 ml Erlenmeyer flask were inoculated with a small portion of the soil. Turbidity due to the microbial growth began to appear after overnight incubation at 27°. A loopful of the culture was then transferred to a fresh medium.
After repeating several transfers, the culture was plated on oxalate-agar medium.
The colonies which developed after 2 days' incubation were similar in appearance, indicating that fair purification of the strain had been achieved by that time. Purification was completed by repeating alternating transfers, in liquid and solid media, of the culture started from a single colony on the agar plate.
Four strains of bacteria have been isolated in this way from the soil samples, showing that such oxalophilic organisms are not of rare occurrence. Three of them, however, were found to be unsuited for metabolic studies since their growth became sluggish after several transfers on the oxalate medium.
The other strain, designated as PRL-W3, showed a rapid growth throughout repeated subculturing with oxalate as sole source of carbon. The following experiments were all performed with this organism.
Description of the organism
The organism consists of slender rods with round ends having the dimensions 0.5>< 1.5-2.0 ,ei when cultured in the liquid oxalate medium (Fig. 1A) , and somewhat thinner and longer in . the solid oxalate medium (Fig. 1B) On standing, a strong odour of ammonia was liberated from the medium, owing to its increasing alkalinity due to the consumption of oxalic acid by the bacterium.
Lysis and death of the cells occurred after several days of luxuriant growth in the liquid culture, due to the increasing alkalininity of the medium. The optimum temperature for growth was found to be in the range of 25 to 30°, and no growth was observed at 37°. The optimum pH of oxalate medium for growth was found to be around 7.0 to 8.0. Negative results were obtained in the following tests : gelatin liquefication, nitrate reduction, nitrite production, H2S production and indole production in liquid peptone medium. Neither clotting nor acid production occurred during growth of the organism on Litmus milk medium.
Nutritional requirements
Oxalate is the only organic compound which gave abundant growth in the presence of the inorganic salt mixture. Organic compounds which gave sluggish growth are : glyoxalate, pyruvate, a-ketoglutarate, malate and peptone. Organic compounds which gave no appreciable growth are : organic acids; formic, acetic, propionic, butyric, malonic, succinic, glutaric, adipic, acrylic, crotonic, maleic, f umaric, glycolic, tartronic, tartaric and citric acids: alchols ; methanol, ethanol, ethylene glycol, glycerol and mannitol: carbohydrates ; glucose, fructose, maltose, saccharose, dextrin and starch: amino acids; glycine, alanine, serine, leucine, aspartic and glutamic acids, cystine and creatine. The addition of sugars to the amino acids did not improve the growth.
Inhibition of growth
The growth of the organism on oxalic acid was markedly suppressed by the addition of some organic compounds which are usually readily utilized as growth substrates by the ordinary heterotrophic microorganisms. Typical results with fatty acids and sugars are presented in Tables 1 and 2 . The addition of fatty acids such as acetic, propionic and butyric at a concentration of 1/30 M to the oxalate medium completely abolished growth of the bacterium, no sign of growth being indicated in 3 days' incubation.
The clear inoculum was then diluted ten-fold with sterilized oxalate medium and incubation was continued.
After 1 day, an abundant growth of the organism equivalent to that in the control was observed (last column in Table 1 ). Apparently, the observed suppression of growth is not due to any bactericidal action of the adjuvants, but merely represents a result of temporary suppression of growth. The inhibiting action of formic acid is relatively weak, so that some growth is perceptible in its presence.
In the same way, it was revealed that sugars also exert a similar inhibition of growth.
The most potent in this respect was fructose, which completely suppressed the growth even at a concentration as low as 1/200 M ( Table 2) . Similar experiments were carried out with a series of nitrogen compounds ; glycine, alanine, serine, leucine, aspartic acid, glutamic acid, cystine, and creatine.
Among these substances, glycine alone was found to inhibit growth of this organism.
It is indeed surprising to find that some organic compounds which are highly nutritive for the ordinary heterotrophic forms cannot be utilized but actually inhibit growth of this particular organism.
As shown in Table 3 , heavy metal ions such as Ag+ and Hg++ are strong inhibitors, completely inhibiting growth of this organism even at concentrations as low as 10_, and 10-6 M for Ag+ and Hg, respectively. No significant These results indicate that the concentration of nitrite probably formed during assimilation of nitrate into amino componds is kept low by its further reduction to ammonia.
Optimum pH and temperature, and effects of heat treatment
The organism prefers a neutral or slightly basic medium and the most luxuriant growth is obtained when the initial pH has been adjusted to pH 7.0. The optimum temperature for growth lies in the range of 25 to 27°. No growth occurs at 37°. The effect of heat treatment upon growth is shown in Table  4 . Heating the inoculum before incubation at 45° for 10 min noticeably retarded growth and heating at 50° for 10 min was sufficient to destroy the organism.
Respiratory activities
The ability of this organism to oxidize various organic compounds was examined with washed-cell suspensions.
Under optimum conditions, oxalate was oxidized most rapidly with a Qo2 value of 300. The cellular enzyme system responsible for the oxidation of oxalate is very unstable, so that the activity varies significantly depending upon the state and condition of the culture and preparation.
The most active preparation obtained from a liquid culture in the logarithmic phase of growth had a Qo2 as high as 600. The rate of metabolism of oxalate is shown in Fig. 2 . During the first 10 min period there was a fair linearity in time course of the reaction with respect to substrate consumption, as well as oxygen uptake and CO2 evolution.
Then followed a rapid decay in the reaction rates.
The oxalate-oxidizing system of this organism appears to be adaptive in nature.
When the organism had been cultured on a peptone medium, its oxalate-oxidizing activity was significantly suppressed to one-ninth that in oxalate-grown cells (Table 5) . However, when such peptone-grown cells were incubated for 4 hr at 30° with oxalate (40 mM phosphate buffer of pH 7.0), a the washed cells of the bacterium grown in the oxalate medium : formic, malic, pyruvic and f umaric, in decreasing order of reaction rate. Only slight oxidation of succinate was observed. At pH 5.0, however, the oxidation of succinate and f umarate occurred fairly rapidly. The oxidation of citrate was also markedly enhanced, while that of malate was suppressed and that of pyruvate completely abolished at this pH. When the washed cells were incubated with formic, malic, pyruvic, fumaric, succinic, citric or maleic acid at pH 7.0, no oxalate-oxidizing system was induced in the cells. The organic acids which are not oxidized under both acidic and basic conditions are acetic, malonic, gultaric, tartaric, tartronic, crotonic, glyoxylic, glycolic, oxalacetic, phthalic and cinnamic acids. The stoichiometry of the respiratory breakdown of oxalate in the washed cells was obtained as follows: on an average, oxalate is oxidized with the uptake of 0.25 mole oxygen and 1.75 mole CO2 is evolved per mole oxalate consumed, while complete combustion of one mole of oxalate requires an uptake of 0.5 mole oxygen and production of 2 moles CO2. The observed discrepancies in oxygen uptake and CO2 production obviously indicate that some oxalate metabolism other than complete oxidation is occurring in this organism. The detailed investigation of the oxalate metabolism in this organism, whether the observed deficits in the carbon balance are due to accumulation of some intermediary products in the reaction medium, or to metablic processes such as oxidative assimilation (9) of the substrate, will be discussed in a subsequent report of this series. He supposed that some microorganism must be participating in the rapid disappearance of oxalic acid from the soil, which led him to the discovery and isolation of the first representative of this group of organisms, namely, Bacterium extorquens, BASSALIK, from digestive tract of earth worm. Various forms of oxalic acid-utilizing organisms have since been reported in the literature as listed in Table 7 .
The bacterium under investigation in the present study is readily distinguished from all the previously reported organisms through the features described in the text.
All the previously reported oxalic acid-utilizing bacteria produce no pigment with the exception of BASSALIK's, which produces a watersoluble blood-red pigment.
In marked contrast, the present organism produces a water-insoluble yellow pigment, soluble exclusively in organic solvents such as ethanol, acetone, ether and chloroform.
All the previously reported oxalic acid-utilizing bacteria have one or more flagella, although no data is available for Bacterium oxalaticum (4). The present organism has no flagella under all the culture conditions thus far investigated ; i. e., neither in young or old cultures, grown on liquid or solid media, in the presence or absence (peptone) of oxalate.
Optical microscopic observations were made on properly stained samples.
Electron microscopic observations of actively growing cells were made by culturing the organism on an oxalate medium placed on a collodion film on the sample holder of the electron microscope.
No evidence of flagella formation was obtained also with these preparations. 
